In Tombesi et al. (2015) , we reported the first direct evidence for a quasar accretion disk wind driving a massive molecular outflow. The target was F11119+3257, an ultraluminous infrared galaxy (ULIRG) with unambiguous type-1 quasar optical broad emission lines. The energetics of the accretion disk wind and molecular outflow were found to be consistent with the predictions of quasar feedback models where the molecular outflow is driven by a hot energy-conserving bubble inflated by the inner quasar accretion disk wind. However, this conclusion was uncertain because the energetics of the outflowing molecular gas were estimated from the optically thick OH 119 µm transition profile observed with Herschel. Here, we independently confirm the presence of the molecular outflow in F11119+3257, based on the detection of broad wings in the CO(1−0) profile derived from ALMA observations. The broad CO(1−0) line emission appears to be spatially extended on a scale of at least ∼7 kpc from the center. Mass outflow rate, momentum flux, and mechanical power of 7 L AGN are inferred from these data, assuming a CO−to−H 2 conversion factor appropriate for a ULIRG (R 7 is the radius of the outflow normalized to 7 kpc and L AGN is the AGN luminosity). These rates are time-averaged over a flow time scale of 7 × 10 6 yrs. They are similar to the OH-based rates time-averaged over a flow time scale of 4× 10 5 yrs, but about a factor 4 smaller than the local ("instantaneous"; 10 5 yrs) OH-based estimates cited in Tombesi et al. The implications of these new results are discussed in the context of time-variable quasar-mode feedback and galaxy evolution. The need for an energy-conserving bubble to explain the molecular outflow is also re-examined.
INTRODUCTION
Rapidly accreting supermassive black holes (SMBHs) produce tremendous amounts of radiative energy. The coupling of this energy with gas near the black hole or at larger scales in the host galaxy produces outflows of gas. These "quasarmode" outflows are distinct from "radio-mode" jets in that they are much less collimated, and therefore have the potential to impact a much greater swath of a galaxy's gas. Quasarmode outflows are often invoked to play a fundamental role in the evolution of both SMBHs and their host galaxies, quenching star formation and explaining the tight SMBH-galaxy relations (e.g., Veilleux et al. 2005; Fabian 2012 ). Recent observations of large-scale neutral and molecular outflows in (U)LIRGs have provided supporting evidence for this idea, as they directly trace the gas out of which stars form (e.g., Fischer et al. 2010; Feruglio et al. 2010 Feruglio et al. , 2015 Sturm et al. 2011; Alatalo et al. 2011 Alatalo et al. , 2015 Rupke & Veilleux 2011 , 2013a , 2013b Veilleux et al. 2013, hereafter V13; Aalto et al. 2012 Aalto et al. , 2015 Cicone et al. 2014; García-Burillo et al. 2015; Lindberg et al. 2016; González-Alfonso et al. 2014 , 2017 . Theoretical models suggest an origin of these outflows as energy-conserving flows driven by fast AGN accretion disk winds (e.g., Zubovas & King 2012 Faucher-Giguère & Quataert 2012; Costa et al. 2014; Nims et al. 2015) .
Our previous claims of a connection between large-scale molecular outflows and AGN activity in (U)LIRGs were based on the fact that systems with quasar-like AGN luminosities host the faster and more powerful outflows (V13; Rupke & Veilleux 2013a; Cicone et al. 2014) . Until recently, these claims were incomplete because they were lacking the detection of the putative inner wind. Conversely, studies of powerful AGN accretion disk winds to date had focused only on X-ray observations of local radio-quiet and radio-loud AGN and a few higher redshift quasars, but had ignored the impact of these winds on the galaxy host (e.g., Tombesi et al. 2010 Tombesi et al. , 2014 Nardini et al. 2015 and references therein) .
This situation changed with the publication of Tombesi et al. (2015, hereafter T15) , where we showed the clear (6.5-σ) detection of a powerful AGN accretion disk wind with a mildly relativistic velocity of ∼0.25 c in the X-ray spectrum of IRAS F11119+3257, a nearby (z = 0.190; 1 ′′ = 3.19 kpc) optically classified type 1 ULIRG hosting a powerful molecular outflow with velocity V out,OH = 1000 ± 200 km s . This was the first direct evidence for a fast quasar accretion disk wind driving a large-scale molecular outflow. 12 The energetics of the accretion disk wind and molecular outflow derived from our data are consistent with the energy-conserving mechanism (T15). In this scenario, the violent interaction of the fast inner AGN wind with the ISM of the host results in shocked wind gas that does not efficiently cool, but instead expands adiabatically as a hot bubble (e.g., Zubovas & King 2012 Faucher-Giguère & Quataert 2012; Costa et al. 2014; Nims et al. 2015) . The adiabatically expanding shocked wind sweeps up gas and drives an outer shock into the host ISM. The outflowing gas cools radiatively, and most of it "freezes out" into clumps of cold molecular material. This picture is also able to explain the existence of a fast (∼1300 km s −1 ) neutral-atomic (Na I D) outflow in this system (Rupke et al. 2005b) . A variant on this scenario is that pre-existing molecular clouds from the host ISM are entrained in the adiabatically expanding shocked wind, accelerated to the observed velocities without being destroyed by the many erosive forces and instabilities (e.g., Cooper et al. 2009; McCourt et al. 2015 McCourt et al. , 2016 Scannapieco & Brüggen 2015; Banda-Barragán et al. 2016; Tanner, Cecil, & Heitsch 2016; Thompson et al. 2015 Thompson et al. , 2016 Scannapieco 2017) While the existence of the molecular outflow in F11119+3257 is unquestionable based on the OH absorption profile, the energetics of this outflow remain uncertain. In T15, we cite a mass outflow rateṀ out,OH = 800
, a momentum flux logṖ out,OH = 36.7 ± 0.5 in dyne, and a mechanical power logĖ out,OH = 44.4 ± 0.5 in erg s . The large uncertainties stem mainly from the high optical depth of the OH 119 µm line and the lack of higher excitation line profiles (e.g., OH 65 and 84 µm), and to some degree from the fact that the OH outflow is not spatially resolved in the Herschel data. In T15, we had to compare the predictions of our radiative transfer models (e.g., González-Alfonso et al. 2014 ) with the observed velocity-resolved profile of OH 119 µm to constrain the location (0.1 -1.0 kpc) of the OH molecules that produce the OH profile. The energetics of the OH outflow scale linearly with the OH abundance X OH = OH/H.
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It is also important to note that the energetics cited in T15 are the local ("instantaneous") quantities estimated at a radius R out,OH = 300 pc. These values are time-averaged over ∆R out,OH /V out,OH 10 5 yrs, the time the outflowing shell of material takes to cross the shell thickness ∆R out,OH ∼ 75 pc. The values time-averaged over the flow time scale R out,OH /V out,OH are smaller by a factor of 4.
In the present paper, we take a complementary approach to constrain the energetics of the molecular outflow in F11119+3257, using line emission from low-level transitions of CO as a tracer of the outflowing molecular material. IRAM 30-m observations by Xia et al. 2012 have already shown that the CO(1−0) emission in F11119+3257 is broad (FWHM ∼ 285 ± 36 km s . Our new 12 Since the publication of T15, Feruglio et al. (2015) has reported the tentative detection of a ∼0.1 c X-ray wind in Mrk 231 at the 3.5-σ level (see also Reynolds et al. 2017) . 13 Note, however, that the OH abundance adopted in T15, X OH = 2.5 × 10 −6 , is, within a factor of ∼3, consistent with the value inferred in the Galactic Sgr B2, the Orion KL outflow, and in buried galaxy nuclei, as well as with the predictions of chemical models of dense photodissociation regions and of cosmic-ray and X-ray dominated regions (see González-Alfonso et al. 2017) .
ALMA data are considerably more sensitive than the IRAM data and reveal faint broad wings in the CO(1−0) line emission profile. Section 2 describes the ALMA observations of F11119+3257. The results from the analysis of these data are presented in Section 3 and compared with those of T15 in Section 4. The main conclusions are summarized in Section 5. Throughout this paper, we adopt a redshift z = 0.190 (Rupke et al. 2005b (Rupke et al. , 2017 Xia et al. 2012 ), a luminosity distance of 933 Mpc, and corresponding linear scale of 3.19 kpc per arcsecond for F11119+3257 (using H 0 = 69.6 km s
, Ω M = 0.286, and Ω Λ = 0.714 from Bennett et al. 2014 ).
2. ALMA OBSERVATIONS AND DATA REDUCTION F11119+3257 was observed for 1.9 hours (on-source, 3.2 hours in total) on 2016 January 3 and 10 as part of project 2015.1.00305.S in Cycle 3. The observations were carried out with 36 antennas in the compact C36-1 12-m array configuration with baselines 15 -312 m, resulting in an angular resolution of ∼2.
′′
8 ∼ 9 kpc. The main objective of these observations was to detect the molecular outflow based on the presence of broad wings in the CO(1−0) line emission at 96.9 GHz (Band 3). A RMS (1-sigma) sensitivity of 140 µJy in each 100 km s −1 channel was targeted, corresponding to 0.7% of the peak flux density measured by Xia et al. 2012 (4 mK ∼ 20 mJy). The CO(1−0) wing-to-peak ratios in (U)LIRGs (e.g., Cicone et al. 2014 ) are typically ∼5%, or 1.0 mJy ∼ 7 σ for F11119+3257. A similar result is obtained if one assumes that the CO outflow luminosity is roughly proportional to the OH outflowing mass. For this exercise, we use a OH-to-CO scaling factor to translate the OH 119 µm equivalent width into CO(1−0) line flux based on the average observed relation in the outflows of ULIRGs Mrk 231, IRAS F08572+3915, and IRAS F10565+2448 (the scatter in the relation is ∼30%; The requested angular resolution (∼3 ′′ ∼ 9 -10 kpc) and largest angular scale (∼15 − 20 ′′ ) of these objects safely allow complete CO(1−0) flux recovery from this galaxy (broad wings + bright core emission near systemic velocity; Xia et al. 2012 ). The correlator setup was optimized to simultaneously observe CO(1−0) and the adjacent continuum emission. The central frequency of baseband-4 was adjusted so that baseband-4 was contiguous with baseband-3 and also covered "for free" the CN (1-0) complex at 113.15 and 113.50 GHz, and the SiO v=0 (3-2), v = 1 (3-2), and v = 2 (3-2) transitions at 130.269, 129.363, and 128.459 GHz, respectively, possible tracers of shocked molecular gas in this galaxy. Spectral smoothing by a factor of 4 was used to reduce the data rate while maintaining a reasonable velocity resolution of ∼ 6 km s −1
. The pipeline-calibrated interferometric visibilities delivered by ALMA were continuum-subtracted in the uv-plane using a first-order polynomial, then imaged at 20 km s −1 resolution using Briggs weighting with a robust parameter of 0.5 and cleaned using a tight box around the source. The restoring beam is 3. channels. The strong CO(1−0) line emission is detected with a signal-to-noise ratio (S/N) of ∼65 at the peak. The hyperfine components of CN (1-0) at 113.15 and 113.50 GHz are also detected. On the other hand, the SiO v=0, 1, 2 (3-2) transitions at 130. 269, 129.363, and 128.459 GHz are not visible in our band-4 data, so they are not discussed any further in the remainder of the paper. relative to systemic (z = 0.190), remarkably similar to the velocity of the OH outflow reported in T15. Three methods are used to quantify the strength of this broad emission.
First, we carry out a simultaneous fit for two Gaussians (one narrow, one broad) to these data. The broad Gaussian is shown as the yellow area in Figure 2 . The residuals are generally less than ± 0.5 mJy. The quantities derived from these fits are listed in Table 1 . The uncertainties on these quantities were estimated using a bootstrap Monte Carlo method. Note that the broad-to-narrow peak flux ratios (∼3−4%) listed in that table are similar to those assumed for the requested ALMA time (∼5%; Section 2). The fact that the broad-tonarrow integrated flux ratio is larger in the 5 ′′ -radius aperture spectrum (0.19) than in the 3 ′′ -radius aperture spectrum (0.14) suggests that the broad line emission extends out to a radius of 5 ′′ , although the 5 ′′ spectrum is noticeably more noisy than the 3 ′′ spectrum. The fluxes of the broad components derived from these fits are considered upper limits to the actual flux from the outflowing material since they include CO line emission at low velocities which may not be associated with the outflow. We attempt to remove this low-velocity material using a different strategy. Figure 3 reproduces the continuum-subtracted CO (1−0) spectrum integrated over a circular aperture with a radius of 3 ′′ . The red line shows the original spectrum (cut off vertically to show the details in the wings of CO (1−0)). The blue line shows the residuals after fitting and removing a Gaussian source model to each 20 km s −1 channel. First, a twodimensional Gaussian was fit to the image for each channel in the region where a source is detected. The results were then used to make a smooth source model with linearly changing position as a function of velocity (to account for a possible velocity gradient; see below), Gaussian changing intensity, but constant size and orientation. This smooth source model was then removed from each velocity slice to arrive at a "residuals" cube. The high S/N of the detection allows us to centroid the source in each channel with very good sub-beam precision. The velocity gradient measured is +350 km s Rupke 2017, private communication) . Assuming that this represents the rotation of the gas in the host galaxy, a dynamical mass of ∼5 × 10 9 M ⊙ within ∼1 kpc from the center is derived from these data.
The yellow region in Figure 3 shows the CO "high velocity" emission, which cannot be accounted for by the gas in pure rotation. Figure 5 shows maps of the rotating material and highvelocity gas integrated over the "residuals" channels shown in yellow in Figure 3 . Table 2 lists the parameters derived from Figure 5c . The high-velocity gas is extended and offset by +0. • from the North-South direction; this is significantly larger than the 3.
Aperture photometry on the high-velocity gas confirms that it is indeed extended. In Figure 6 , the enclosed high-velocity integrated flux peaks around a radius of 5 ′′ ± 1. As an independent check on the results from our analysis of these imaging data, we also derived the sizes and fluxes of the wing emission by fitting the data directly in the uv plane. For this exercise, we used both the CASA uv-Plane Model Fitting routine uvmodelfit and uvmultifit, the library of Martí-Vidal et al. (2014) . The results are summarized in Table 3 . In contrast to uvmodelfit, uvmultifit could not deal with the sum of the red and blue wings, so they were fit separately. The signals were integrated between 96.9893 and 97.1315 GHz (−820 to −380 km s −1 ) for the blue wing, and 96.6081 to 96.7244 GHz for the red wing (+440 to +800 km s
−1
). As shown in Figure 3 , these channels are not affected by rotation so we did not have to remove a disk model in the uv-plane fitting. The results from the two uv fitters are consistent with each other and with the results from the imaging methods (compare the entries in Table 3 with those of Tables 1 and 2 ).
Taken at face value and keeping in mind the large uncertainties on these estimates, the CO outflow in F11119+3257 is the largest molecular outflow so far detected in a local ULIRG: R out,CO is typically ∼1 kpc in these objects with the possible exceptions of F23060+0505 and Mrk 876, where the CO outflows are not well resolved and imply R out,CO ≤ 4.05 kpc and ≤ 3.55 kpc, respectively (Cicone et al. 2014) , and F08572+3915, where a fast-moving (∼1000 km s −1 ) cloud was recently detected by Janssen et al. (2017, in prep.) at ∼6 kpc from the NW galaxy. Nothing in the galaxy host of F11119+3257 itself Veilleux et al. 2002) can account for the morphology and kinematics of this broad CO line emission. The implications of these results are discussed in the following section. ) would imply a CObased molecular mass M out,CO = (3 − 8) × 10 9 M ⊙ , given a luminosity distance of 933 Mpc. A conservative lower limit on the outflowing molecular gas mass M out,CO ∼ (2 − 6) × 10 8 M ⊙ is derived if we use the ∼13 × smaller optically thin X CO used by Bolatto et al. (2013b) to estimate the outflowing molecular gas mass in NGC 253. A compromise between these two extremes is to adopt a ULIRG-like α CO of 0.8
as done by Cicone et al. (2014) . This results in an outflowing molecular gas mass of ∼ (0.6 − 1.4) × 10 9 M ⊙ , which falls at the high mass end of the spectrum covered by local ULIRGs (Cicone et al. 2014; González-Alfonso et al. 2017) . For comparison, the non-outflowing material emits 5 -6 Jy km s −1 in CO(1−0). Assuming the same ULIRG-like X CO as for the outflowing material, the amount of quiescent molecular gas in the host galaxy is M host,CO ∼ (7 − 10) × 10 9 M ⊙ , i.e. in the top quartile of local ULIRGs and infrared quasars (e.g., Solomon et al. 1997; Evans et al. 2001 Evans et al. , 2006 Scoville et al. 2003; Xia et al. 2012) , and about 5 − 15 × the amount in the CO outflow.
The next step is to derive the CO-based mass outflow rateṀ out,CO , momentum fluxṖ out,CO , and mechanical poweṙ E out,CO of the molecular outflow of F11119+3257. As discussed in detail in Rupke et al. (2005a) and González-Alfonso et al. (2017) , there are two limiting approaches to the estimation of the outflow energetics: the local or instantaneous (maximum) values and the average (minimum) values. The local or instantaneous values are time-averaged over the time scale taken by the outflow shell of material to cross the thickness of the shell. This first approach was used in Sturm et al. (2011 ), González-Alfonso et al. (2014 , and T15. Here, we use instead the most conservativeṀ out ,Ṗ out , andĖ out values based on the second approach to characterize the outflow of F11119+3257. In that case, we havė
These correspond to the "time-averaged thin shell" values of Rupke et al. (2005a) , time-averaged over the flow time scale R out,CO /V out,CO , and have been used extensively to describe the energetics of the ionized and neutral phases of outflows (e.g., Rupke & Veilleux 2013a; Arav et al. 2013; Borguet et al. 2013; Heckman et al. 2015) as well as some molecular outflows (González-Alfonso et al. 2017) . They are most appropriate for comparison with outflow models (e.g., Faucher-Giguère & Quataert 2012; Thompson et al. 2015; Stern et al. 2016) . In some studies (e.g., Feruglio et al. 2010 Feruglio et al. , 2015 Maiolino et al. 2012; Rodríguez Zaurín et al. 2013; Cicone et al. 2014; Harrison et al. 2014; García-Burillo et al. 2015) , a factor of 3 higher values have been used under the assumption that the emitting spherical (or multiconical) volume is filled with uniform density. However, for a steady mass-conserving flow with constant velocity, we would expect a density at the outer radius only 1/3 that of the average, thus also yielding the expression in eq. (1). The quick drop-off in the radial intensity profile of the outflow emission of F11119+3257 indeed seems consistent with this picture. Thus, we adopt eqs. (1)- (2)- (3) for the rest of the discussion.
Our choice of R out,CO and V out,CO will set the flow time scale (R out,CO /V out,CO ) in these expressions and therefore has to be done with care. If, for instance, we set R out,CO /V out,CO = R , ignoring projection effects), then the flow time scale R out,CO /V out,CO ≈ 1.5 × 10 7 yrs. This value would underestimate the actual flow time if all of the outflowing gas originated from the center and was uniformly accelerated from rest. If this were the case, the flow time scale would be longer by a factor ∼ 2 (González-Alfonso et al. 2017) and we would expect the material with the highest outflow velocities to be located further from the center than the material with the lowest outflow velocities. While our data are not deep enough to allow us to detect any velocity gradient in the outflow emission (Fig. 5) , systematic positive radial velocity gradients have not been detected in the data of any other ULIRG (e.g., Cicone et al. 2014 ). Thus, we do not favor this longer flow time scale.
We argue instead for a smaller flow time scale given that our measurement of the full extent of the outflowing gas is uncertain and a significant fraction ( 50%) of the outflowing material is unresolved (Fig. 5) . If the outflow were in fact completely unresolved, R out,CO 4 kpc and R out,CO /V out,CO 4 × 10 6 yrs. The actual value of (R out,CO /V out,CO ) most likely lies between these two extremes. In the following discussion, we adopt a conservatively low value for the radius, R out,CO = 7 kpc, and V out,CO = 1000 km s , derived from the infrared 15-to-30 µm color and the prescription of Veilleux et al. (2009) . These numbers need to be scaled up by a factor of 5.3 if the CO−to−H 2 conversion factor is Galactic rather than ULIRGlike, or scaled down by a factor of 2.4 if CO(1−0) is optically thin. The results are summarized in Table 4 . Table 4 compares the mass, momentum, and kinetic energy outflow rates derived from the new ALMA CO(1−0) data cube with the values derived from the spatially unresolved Herschel OH 119 µm spectral feature (V13; T15). As noted earlier, the measured velocity of the CO(1−0) outflow is remarkably similar to that of the OH outflow derived from the Herschel data. Note, however, that the scales probed by the two data sets are significantly different: modeling of the Herschel OH profile suggests a scale for the OH outflow of ∼0.1 -1.0 kpc (nominally 300 pc; T15), while the ALMA data show broad CO line emission possibly extending out to ∼ 15 kpc. This difference in scale between the OH and CO outflows is not unexpected: OH absorption is produced by gas in front of the source of FIR continuum, which is compact in ULIRGs, but there is no such requirement for the detection of the CO line emission. Moreover, CO(1−0) traces the more diffuse low-excitation molecular gas, from which there may not be excited absorption. This difference in scale is important since the dynamical parame-ters of the CO outflow listed in Table 4 are quantities that are time-averaged over a flow time scale (R out,CO /V out,CO ) ∼7 × 10 6 yrs, while the published OH-based mass outflow rate is a local ("instantaneous") estimate at R out,OH ∼ 300 pc, which is valid for timescales (∆R out,OH /V out,OH ) 10 5 yrs, where ∆R out,OH ≈ 75 pc, the thickness of outflow shell of molecular material derived from the OH 119 µm profile. The third row in Table 4 lists the dynamical quantities time-averaged over the flow time scale R out,OH /V out,OH = 4 × 10 5 yrs; these quantities are R out,OH /∆R out,OH = 4 times smaller than the local quantities and comparable to the values derived from the CO outflow.
Comparisons with the Herschel OH Outflow
Given the well-known short-and long-term variability of F11119+3257 (T15) and AGN in general (e.g., Schawinski et al. 2010 Schawinski et al. , 2015 Keel et al. 2012a Keel et al. , 2012b Keel et al. , 2015 Keel et al. , 2017 , it is perhaps surprising to find in Table 4 that the time-averaged mass, momentum, and energy outflow rates derived from the CO data are similar to the time-averaged values derived from the OH data. This suggests that the efficiency of the quasar at driving the molecular outflow on large scales in F11119+3257 has been relatively stable over the past few × 10 6 yrs. We return to this issue in the next section.
Comparisons with Published Models
In T15, we argued that the dynamics of the X-ray wind and OH outflow were consistent with the models where the OH outflow is an energy-conserving flow driven by a fast AGN accretion disk wind (e.g., Zubovas & King 2012 Faucher-Giguère & Quataert 2012; Costa et al. 2014; Nims et al. 2015) . If this is the case, we have by energy conservatioṅ
where the quantities with subscript "out" refer to the molecular outflow, while those with subscript "wind" refer to the inner X-ray wind. The last equality (eq. 5) is valid only if the inner wind is radiatively accelerated, i.e.Ṗ wind ∼ L AGN /c, which appears to be the case in F11119+3257 (T15; Table 4 ). The efficiency f is defined as the fraction of the kinetic energy in the X-ray wind that goes into bulk motion of the swept-up molecular material. In T15, an independent estimate of f was derived from the ratio of the covering fraction of the OH outflow (C f,out,OH ) to that of the X-ray wind (C f,wind ). In T15, we derived C f,wind > 0.85 from the X-ray data and C f,out,OH = 0.20 ± 0.05 from the Herschel data, so f = 0.22 ± 0.07. In T15, we showed that the above expression for energy conservation applies remarkably well to F11119+3257, to within the (admittedly large) uncertainties of the measurements. Let us revisit this analysis using the new ALMA data. In the following discussion, we use the molecular mass, momentum, and energy outflow rates that are derived assuming a ULIRGlike CO−to−H 2 conversion factor of α CO = 0.8 M ⊙ (K km s . We therefore make the implicit assumption that the physical state (e.g., density, temperature, metallicity, internal random/turbulent velocity, external radiation field, etc.) of the outflowing molecular gas in F11119+3257 is similar to that of the quiescent molecular material in the host ULIRG, from which it presumably originates. This issue is still a matter of debate, although the detection of high-density molecular gas entrained in the outflows of NGC 253 (Walter et al. 2017 ) and other ULIRGs (e.g., Mrk 231, Aalto et al. 2012 Aalto et al. , 2015 brings some support to this assumption. Given the super-solar metallicity and high total surface density of ULIRGs (e.g., Rupke et al. 2008; González-Alfonso et al. 2015) , we expect α CO to be 2 − 5 × smaller than the Galactic value (e.g., Bolatto et al. 2013a) . We also naively expect a decrease in the CO(1−0) optical depth due to the likelihood of highly turbulent conditions in the emitting gas, but the detection of high-density molecular gas entrained in the outflow of NGC 253 favors a high column density (Walter et al 2017) and seems to rule out the conservatively smaller optically thin α CO value of 0.34
used by Bolatto et al. (2013a) . In the end, we feel that using a ULIRG-like α CO is the most realistic value for the outflowing molecular gas, given our current knowledge of the conditions in the outflowing material, and also a good compromise solution between the 5.3 × higher values derived assuming Galactic α CO and the 2.4 × smaller values based on optically thin α CO (Table 4) .
Using the molecular momentum outflow rate based on the ULIRG-like α CO in eq. (4), we derive f CO = 0.02 -0.03, considerably smaller than the value based on the OH outflow using the local estimates of the energetics ( f OH = 0.2; T15), but comparable to the value we would derive if we use the time-averaged quantities of Table 4 ( f OH = 0.05). In principle, an independent value of f CO may be derived from the ratio of the covering fraction of the CO outflow (C f,out,CO ) to that of the X-ray wind (C f,wind > 0.85; T15). However, in practice, the modest angular resolution of our ALMA data, taken in compact-array configuration, provides only an upper limit on C f,out,CO since the extended emission from the outflowing material seen in Figure 5 will likely break up into smaller cloudlets when observed at higher angular resolution (e.g., F08572+3915; Jannsen et al. 2017, in prep.), and therefore reduce C f,out,CO . We derive C f,out,CO < 0.5, and thus f CO < 0.5, from the morphology of the high-velocity CO emission on large scale in Figure 5 .
Eqs. (4) - (5) are only valid if the molecular outflow is an adiabatic energy-driven flow. However, Table 4 shows that the molecular momentum outflow rate based on the ULIRGlike α CO is only a few times larger than the radiation pressure, L AGN /c, exerted by the AGN in F11119+3257 (Table  4) . The starburst in F11119+3257 will contribute an additional term:
is the bolometric luminosity; Veilleux et al. 2009) . A similar statement can be made when considering the time-averaged OH-based momentum outflow rate. Thus, the only time we need to invoke models of energy-conserving flows driven by accretion disk winds to explain the molecular outflow in F11119+3257 is when we consider the local OH-based momentum outflow rate cited in T15. The X-ray data of T15 strongly suggest that the accretion disk wind is momentum-conserving and being driven by radiation pressure from the AGN. Our data do not allow us to formally rule out the possibility that the much larger OH and CO outflows are also driven by radiation pressure, despite the R −2 geometric dilution factor of the AGN radiation field.
It is important to consider the CO and OH outflows together rather than independently. As discussed in Section 4.2, both are likely related to one another but refer to significantly different physical scales (∼0.3 kpc vs 7 kpc) and time scales (∼4 × 10 5 yrs vs ∼7 × 10 6 yrs). The CO-based momentum outflow rate listed in Table 4 is a quantity that has been time-averaged over a ∼100 × longer time scale than the local OH-based momentum outflow rate, so one has to use caution when making direct comparisons between the two molecu-lar outflows and with the present properties of the AGN. Indeed, the CO-based quantities are in much closer agreement with the OH-based quantities that are time-averaged over the flow time scale (R/V ). This general agreement between the energetics of the OH and CO outflows suggests that the efficiency of the quasar to drive the large-scale molecular outflow in F11119+3257 has remained relatively constant over the past few × 10 6 yrs. This is not to say that the luminosity of the AGN in F11119+3257 has been constant on shorter time scales (there is evidence that the hard X-ray flux is variable on a time scale of a day, although this may be due to variable absorption columns rather than intrinsic variations; T15). Our results simply imply that the quasar has not been dormant for long periods of time over the past few × 10 6 yrs. With this in mind, it is important to use methods that are insensitive to short-term AGN variability when estimating the AGN luminosity. Our use of the global 15-to-30 µm color (Veilleux et al. 2009 ) to estimate the fraction of the bolometric luminosity of F11119+3257 produced by the AGN, rather than the (variable) hard X-ray luminosity, mitigates the effects associated with short-term ( 10 3−4 yrs) AGN variability.
CONCLUSIONS
We report the results of our analysis of deep new ALMA CO(1−0) data on F11119+3257 obtained in the compact array configuration (∼2. ′′ 8 resolution). These data are compared with our findings published in Tombesi et al. (2015) of an X-ray detected AGN accretion disk wind driving a kpc-scale energy-conserving molecular (OH) outflow in this object. The main results of this analysis are:
• The CO(1−0) spectrum shows the presence of broad wings extending ∼ ± 1000 km s −1 relative to systemic velocity, indicative of a fast CO outflow with velocities comparable to those measured from the Herschel OH 119 µm line profile.
• Careful photometric and uv-plane analyses of the ALMA data indicate that the broad-wing CO(1−0) emission extends on a scale of at least ∼7 kpc (radius) from the center. This is the largest molecular outflow found so far in a local ULIRG.
• The mass of molecular gas involved in the CO outflow is (0.6 − 1.4) × 10 9 M ⊙ , assuming a ULIRG-like α CO of 0.8 M ⊙ (K km s is the AGN luminosity derived from the infrared 15-to-30 µm color and the prescription of Veilleux et al. 2009 ).
• At face value, the CO-based momentum outflow rate is not inconsistent with the scenario where the CO outflow is momentum-conserving and driven by the AGN radiation pressure. This is a different picture than that proposed by Tombesi et al. (2015) , who used the local ("instantaneous") value of the OH-based momentum outflow rate estimated at R ∼ 300 pc and valid for timescales ∆R out,OH /R out,OH 10 5 yrs i.e. nearly two orders of magnitude shorter than the flow time scale of the CO outflow (∆R out,OH is the thickness of the outflowing shell of molecular material). In contrast, the OH-based dynamical quantities time-averaged over the flow time scale R out,OH /V out,OH are R out,OH /∆R out,OH = 4 times smaller than the local quantities and thus comparable to the values derived from the CO outflow. These results suggest that the efficiency of the quasar to drive the large-scale molecular outflow in F11119+3257 has remained relatively stable over the past few × 10 6 yrs.
The modest angular resolution of the ALMA data set is a major limitation of our analysis. It will be important to revisit F11119+3257 at higher resolution to constrain the morphology (e.g., distribution and clumpiness) and velocity field of the CO outflow on kpc and sub-kpc scales. In the long term, F11119+3257 may serve as a local template for future ALMA OH observations in the distant Universe, where accretion disk winds are below the detection limits of current X-ray observatories. The launch in the next few years of the X-Ray Astronomy Recovery Mission (XARM), the replacement to Hitomi (ASTRO-H), will change the landscape and allow us to search for X-ray winds in the X-ray brightest ULIRGs with known molecular outflows as well as some high-redshift quasars. F11119+3257 will be the standard bearer for these future studies.
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SiO ( Figure 2a , but here the blue line shows the residuals after fitting and removing a two-dimensional Gaussian source model to each 20 km s −1 channel, representative of the gas in pure rotation. See text in Section 2 for more detail on the removal method. The yellow region shows the high-velocity emission in CO, from −820 to −400 km s −1 and +280 to +800 km s −1 , which cannot be accounted for by the gas in pure rotation. -Maps of the CO(1−0) emission from the various kinematic components of F11119+3257: (a) the rotating disk, (b) "residuals" channels between −400 and +280 km s −1 after subtraction of the rotating material, (c) blue + red wings, i.e. the "residual" channels between −820 and −380 km s −1 and between +280 and +800 km s −1 , (d) blue wing only, i.e. between −820 and −380 km s −1 , (e) red wing only, i.e. between +280 and +800 km s −1 . The linear scale is 3.19 kpc per arcsecond. For each panel, the color scale on the right indicates the flux level (note that the panels are on different scales). The white contours indicate −1, −2, and −3 × the rms noise (= 0.033, 0.033, 0.04, 0.026, and 0.029 Jy km s −1 for panels a, b, c, d, and e, respectively). The black contours show the USB continuum emission (0.1, 0.25, and 0.5 mJy). The beam size is shown in the lower left corner of each panel, and the 3 ′′ -and 5 ′′ -radius circular apertures centered on the CO peak are shown as red dashed circles. Note that the emission from the high-velocity gas is extended and offset from the continuum emission and the rotating disk. The integrated high-velocity CO line flux is plotted in blue as a function of the radius of the circular aperture. For comparison, the integrated continuum flux, which is unresolved, is shown in red. The flux peaks around R = (5 ± 1.5) ′′ and then stays around ∼0.4 ± 0.1 Jy km s −1 . A radius of (5 ± 1.5) ′′ measured on the image corresponds to an actual radius of 4. ′′ 8 +1.5 −2.7 = 15 +5 −8 kpc after correcting for the beam size -this is our best estimate of the maximum extent of the CO outflow.
